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SPECIFICATION 

MUTANT BARNASE GENE AND TRANSGENIC 
PLANT TRANSFORMED BY SAID GENE 



The present application claims priority from Japanese 
5 Patent Application No.: Hei 10-220060, the disclosure of 
which is incorporated herein by reference. 
FIELD OF THE INVENTION 

This invention relates to a mutant barnase gene which 
makes it possible to efficiently yield a male sterile 
10 transgenic plant when expressed in a specific site of a 
S3 plant, in particular, anther- specif ically. The present 

invention further relates to a recombinant vector capable of 
* expressing the mutant barnase gene of the invention in host 

4* cells, a plant transformed by this vector and a method for 

lz 15 constructing a transgenic plant. 

£3 

gj PRIOR ART 

Barnase is an RNase originating in Bacillus 
amylollquefaclens (S. Nishimura and M. Nomura, Biochem. 
Biophys. Acta 30, 430-431:1958; R.W. Hartley, J. Mol. Biol., 
20 202, 913-915:1988). This enzyme has 110 amino acid residues 
and hydrolyzes RNA. When expressed in cells, this enzyme 
inhibits the functions of the cells as a result of its 
potent RNase activity and thus causes cell death in many 
cases. By using this characteristic, it is therefore 
25 expected that the function of the specific site can be 

selectively controlled by expressing the barnase gene in a 
specific site of a plant. 

PCT International Publication W089/ 10396 discloses a 
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technique whereby a male sterile plant is obtained by 
constructing a male sterility gene by ligating the above - 
described barnase gene to the downstream of an anther 
tapetal cell-specific expression promoter and introducing 
5 the thus obtained gene into a plant. Male sterilization 
techniques are of great value in efficiently developing an 
Fl hybrid variety. 

When the barnase gene is employed as a male sterility 
q gene, however, it is frequently observed that resulting male 

10 sterile transgenic plants exhibit unfavorable characteris- 
tics. PCT International Publication W096/26283 refers to 
this problem in rice. It is also reported that similar 

T ** 
s==3 

^ S phenomena are observed not only in rice but in lettuce 

a 

*** 

(Scientia Horticulturae 55, 125-139:1993; Arlette Reymaerts, 
^ 15 Hilde Van de Wiele, Greta De Sutter, Jan Janssens: 

y Engineered genes for fertility control and their application 

in hybrid seed production). According to this report, a 
plant with depressed activity was constructed by introducing 
a male sterility gene comprising a tobacco anther- specif ic 
20 promoter (TA29) and a barnase gene into lettuce. 

Although reasons for these phenomena have not been 
accurately clarified so far, it is assumed that the so- 
called "position effect" of the site in which the gene is 
transferred may account for the mechanism (PCT International 
25 Publication W096/26283). More specifically, a desired male 
sterile plant should be constructed if the male sterility 
gene is expressed exclusively in the target site (i.e., 
anthers). However, there is a possibility that the barnase 
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might be expressed also in tissues other than anthers 
although in a very small dose under the action of expression 
regulators (for example, an endogenous enhancer) existing in 
the vicinity of the gene transfer site. In such a case, the 
5 unfavorable characteristics as described above can appear 
because barnase has a strong enzymatic activity. 

To overcome this problem, the method disclosed in PCT 
International Publication W096/26283 exploits the character 
of cauliflower mosaic virus 35S promoter (hereinafter 

10 referred to as CaMV35S promoter) of being expressed potently 
in tissues other than anthers. Namely, barstar, i.e., an 
inhibitory protein against barnase is employed therein. The 
barstar gene ligated to a CaMV35S promoter is transferred 
into a plant simultaneously with a barnase gene and then the 

15 barstar gene is constitutively expressed in tissues other 
than the anthers, thereby eliminating the effects of the 
barnase in tissues other than the anthers. However, it is 
necessary in this method to transfer not only a barnase gene 
but also a barstar gene, and hence, the problem is that the 

20 application of this technique to the breeding of Fl 

varieties of rice or corn seeds may give rise to a gene 
silencing. "Gene silencing" is a phenomenon wherein the 
expression of a gene is inhibited when plural copies of the 
foreign gene are introduced. It is known that this problem 

25 frequently occurs when the expression of a foreign gene is 
effected by a 35S promoter, though the detailed mechanism 
thereof has not been clarified yet (R.B. Flavel, Proc. Natl. 
Acad. Sci. USA 91, 3490-3496:1994; J. Finnegan, Bio. 



Technology 12, 883-888:1994; M. A. Matzke and A.J.M. Matzke, 
Plant Physiol., 107, 679-685:1995). Since, in rice and corn, 
a barstar gene is used as a "fertility-restoring gene" in 
the pollen parent (father) so as to allow the pollen in the 
Fl generation to restore the fertility (C. Mariani, et al.. 
Nature 357, 384-387:1992), if an MS plant (mother) is 
constructed by the method with the use of a barstar gene as 
reported in W096/26283, the Fl plant has plural copies of 
the barstar gene. In such a case, there is a possibility 
that the expression of the gene may be inhibited due to the 
gene silencing. 
SUMMARY OF THE INVENTION 

The present invention provides a method for 
constructing a male sterile plant by using a barnase gene 
without resort to a barstar gene. 

The present invention further provides a mutant 
barnase gene to be used in the above method and a process 
for producing the same. 

DETAILED DESCRIPTION OF THE INVENTION 

In the present invention, the DNA sequence of barnase 
gene (R.W. Hartley, J. Mol. Biol. 202, 913-915:1988) is 
mutated at least in part and then the thus obtained mutant 
barnase gene is anther-specif ically expressed in a plant so 
as to make the plant substantially male sterile without any 
substantially disadvantageous effect on the tissues other 
than anthers . 

The mutation can be performed by a known method such 
as site-specific mutagenesis, deletion of a fragment by 



using restriction enzymes or the low fidelity PCR method. 
Among all, it is preferred to use the low fidelity PCR 
method. This method is described in detail in D. Leung, 
E. Chen and D. Goedda, Technique 1, 11-15:1989; Y.Z. 
5 Xiaoping and R.H. Ebright, Nucleic Acid Res. 19, 6052:1991; 
G.C. Rice et al. # Proc. Natl. Acad. Sci. USA 89, 5467-5471: 
1992 and the contents of these documents are incorporated 
herein by reference. By using this technique, PCR is 
^ carried out under such conditions as to induce some errors 

T^i 10 during the amplification reaction. Thus, random mutations 

hi 

can be introduced into the target DNA fragment. 

-2 * 

Primers to be used in the low fidelity PCR method in 
the present invention are selected as in the conventional 
~f PCR method. It is preferred that each of these primers has 

O 15 a similar number of nucleotides as in the conventional PCR 

=3= 
SSI— 

Cj method . 

5 3 

cr 

The present inventors performed PCR by using a DNA 
containing the sequence represented by SEQ ID NO: 1 as a 
template with the use of a combination of primer 1 ( 5 ' - 

20 CGTTCGGCTC GATGGTACCG GTTATCAACA CGTTTGA-3 ' : SEQ ID NO: 6) 

and primer 2 ( 5 ' -CCTCTAGATT ATCTGATTTT TGTAAAGGTC TGATAATG- 
3': SEQ ID NO: 7) under such conditions as to induce errors. 
Thus , a mutant barnase gene having the DNA sequence 
represented by SEQ ID NO: 3 was isolated. The sequence 

25 represented by SEQ ID NO:l employed herein is the sequence 
of the coding region of the barnase gene contained in the 
known plasmid pVE108 (W092/13956 ) . This sequence 
corresponds to the wild type barnase gene from which the 
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unnecessary moiety corresponding to the secretion signal in 
the N- terminal side has been deleted. 

It is also possible to acquire different mutant 
barnase genes by a similar method. 

The PGR amplification product is cloned in a host (for 
example, Escherichia coll) and clones containing a mutant 
barnase gene is isolated. In this cloning, clones having a 
mutant barnase gene may be screened by assaying the RNase 
activity expressed by the gene. However, it is advantageous 
to screen the clone by the method consisting of the 
following two steps by taking advantage of the fact that the 
RNase activity of barnase affects the growth of E. coll. 

In the first step, a plasmid is prepared by using the 
mutant barnase gene obtained above and then E. coll is 
transformed thereby. The growth of the E. coll transformant 
thus obtained will be inhibited by the activity of the 
mutant barnase. Based on this fact, a colony growing 
slowly (i.e., a small colony), compared with E. coll having 
a control vector free from any barnase gene, is selected. 
It is expected that the thus selected E. coll strain will 
contain the mutant barnase gene. To confirm that the 
inhibition of the growth of E. coll is due to the expression 
of the mutant barnase gene, the second step is then carried 
out . 

In the second step, a barstar gene is employed. As 
described above, barstar is an inhibitory protein against 
barnase. In E. coll which expresses barstar, the enzymatic 
activity of barnase is inhibited and thus the degradation of 



mRNA, which otherwise takes place in the presence of barnase, 
can be inhibited. Therefor if, E. coll which expresses a 
barstar gene is transformed with a barnase gene, the growth 
will not be inhibited. Accordingly, it is expected that the 
thus obtained E. coll transformant will produce little 
difference in growth rate from the transformant constructed 
by the control plasmid which is free from any barnase gene 
and, therefore, these transf ormants will produce little 
difference in colony size too. Based on this principle, a 
plasmid is prepared from the E. coll strain selected in the 
first step. The plasmid is then used to transform another 
E. coll strain, in which the barstar gene is constitutively 
expressed. Thus, mutant barnase gene-containing colonies 
having almost the same size as the one of the E. coll 
transformed by the control plasmid are selected. The 
E. coll with the constitutive expression of the barstar gene 
to be used herein can be prepared by, for example, the 
method as will be described in Example 1 hereinafter. 

The DNA sequence of the thus obtained mutant barnase 
gene may be analyzed by a conventional method, if necessary, 
to thereby examine the mutation in detail. 

A preferred example of the mutant barnase gene of the 
present invention is one which has the DNA sequence 
represented by SEQ ID NO: 3. Compared with the nucleotide 
sequence of SEQ ID N0:1 coding for the wild type activity, 
the nucleotide sequence encoding this gene has an insertion 
of "T" at the 15-position from A in the initiation codon ATG 
and a deletion of "A" at the 333 -position . According to the 



normal translation manner, translation will be initiated 
from ATG at the 1 -position of this DNA sequence represented 
by SEQ ID NO: 3, and terminated at the ninth codon which has 
been converted to a termination codon as a result of the 
insertion of the "T" at the 15-position. It is unlikely 
that the thus formed oligopeptide consisting of 8 amino 
acids has the barnase activity. Further, there is no other 
ATG or GTG codon from which the translation can be initiated 
in the correct frame in the vicinity thereof. However, the 
fact that the growth rate of E . coll was restored by the 
barstar protein strongly suggests that the translation of 
the barnase protein from the gene of SEQ ID NO: 3 proceeded 
in the correct frame. This is seemingly due to a phenomenon 
called "frame shift re-coding" whereby the ribosome controls 
the translation while automatically shifting the reading 
frame during the course of translation into the protein. 
This phenomenon, which has been reported in several genes of 
viruses, E. coll and animals, generally depends exclusively 
on an individual nucleotide sequence and neither any special 
protein nor translation device is required. The frame 
shifting efficiency during the translation varies from gene 
to gene, i.e., ranging from several % to 50%. In the case 
of the mutant barnase gene, it is considered that the 
efficiency of the shifting of the reading frame during the 
translation is not high and thus the translation product in 
the correct frame is formed in a smaller amount, thereby 
lowering the activity of the gene. 

Moreover, there is a high possibility that other 



mutant barnase genes of which the translation efficiency is 
lowered due to the shifting of the reading frame, as in the 
case of the DNA sequence represented by SEQ ID NO: 3, or some 
other reasons can be obtained by mutating the barnase gene 
by, for example, the low fidelity PCR method. Furthermore, 
there is a high possibility that a gene having a DNA 
sequence derived from the DNA sequence represented by SEQ ID 
NO: 3 by substitution, deletion, insertion or addition of one 
or more nucleotides will be a mutant barnase gene which 
provides a lowered translation efficiency due to the 
shifting of the reading frame as a result of the insertion 
of T at the 15 -position from A in the initiation codon ATG 
and/or the deletion of A at the 333 -position, as in the DNA 
sequence represented by SEQ ID NO: 3, It is considered that 
each of these genes, likewise the gene of SEQ ID NO: 3, is 
capable of making a plant substantially male sterile when it 
is anther- specif ically expressed in the plant. Accordingly, 
these genes are also included in the scope of the present 
invention similar to the gene of SEQ ID NO: 3. 

The plant which is to be male sterilized by the mutant 
barnase gene is not particularly limited, so long as the 
gene can be transferred into the plant to provide a male 
sterilized plant. Examples of the plants include rice, corn, 
tobacco, lettuce and Brassica. Among all, rice and corn are 
preferred. 

In order to male sterilize a plant, the mutant barnase 
gene is expressed specifically in the anthers of the plant 
to inhibit the anther functions by the RNase activity of 



barnase. Such an anther- specif ic expression can be achieved 
by using the method described in W092/13957. In brief, the 
mutant barnase gene is ligated to the downstream of an 
anther- specif ic promoter and then incorporated into plant 
cells with the use of an expression vector. 

The incorporation may be performed by using the 
Agrobacterium method, the electroporation method, the 
particle gun method, etc. 

From the transformed plant cells, a complete plant can 
be formed by the regeneration from a callus of the 
transformed plant cells in accordance with, for example, the 

i 

method reported in Y. Hie£ et al., Plant J. 6, 271-282:1994. 

The male sterility of the thus constructed plant can 
be confirmed by the inability of the plant to fertilize 
unless it is pollinated from another fertilizable plant. 
Example 1: Preparation of mutant barnase gene 
Lo w f id elity P C R 

Primer 1 (CGTTCGGCTC GATGGTACCG GTTATCAACA CGTTTGA: 
SEQ ID NO: 6) and Primer 2 (CCTCTAGATT ATCTGATTTT TGTAAAGGTC 
TGATAATG: SEQ ID NO: 7) were synthesized by a DNA synthesizer 
(manufactured by Applied Biosys terns) in accordance with the 
method described in S.L. Beaucage et al.. Tetrahedron Lett., 
22. 1859-1862:1982. Known plasmid pVE108 (W092/13956) was 
used as a template and PCR was carried out with the use of 
the combination of Primers 1 and 2. SEQ ID N0:1 shows the 
sequence of the coding region of the barnase gene which is 
contained in pVE108. The reaction was performed for 50 
cycles with each cycle consisting of 1 minute at 94°C, 
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1 minute at 57°C and 1 minute at 72°C in 10 mM Tris-HCl (pH 
9.5), 50 mM KC1, 2 mM MgCl 2 , and 1 mM each of dNTP, 10 ng of 
the template DNA and 0.5 U of Taq DNA polymerase. 

After the completion of the reaction, the amplifica- 
tion product was separated by electrophoreses on agarose gel 
(2% SeaKem GTG agarose, lxTAE) and purified by the DEAE- 
cellulose method (M. Muramatsu, Labo-manual Idenshikogaku 
(Gene Engineering Labo-Manual ) , Maruzen, pp . Ill : 1988 ) . By 
using the purified product thus obtained as a template, PCR 
was performed again under the conditions as defined above. 
Ligation of mutated barnase gene fragment into plasmid 
vector 

The reaction product from the above step was digested 
with SacI and Xbal in a conventional manner and then 
purified by agarose gel electrophoresis to give an 
"insertion fragment". A plasmid to be used for transferring 
this insertion fragment into E. coll can be appropriately 
selected. For example, use may be made of plasmid pHMl 
therefor. The plasmid pHMl was constructed as follows. 
Plasmid pBR322 was cleaved at the EcoRI site and blunt-ended 
by using T4 DNA polymerase (manufactured by Takara Shuzo) . 
Separately, lacZ expression cassette (322 bp) was excised 
from pUC18 with PvuII and the ends thereof were blunted. 
The cassette was integrated into the restriction site of the 
blunt-ended plasmid pBR 322 to give plasmid pHMl . 

Plasmid pHMl was digested with SacI and Xbal followed 
by dephosphorylation with calf intestine alkaline 
phosphatase (manufactured by Takara Shuzo) to give a 



restriction enzyme -treated plasmid fragment. Into this 
restriction enzyme -treated plasmid pHMl, the above 
"insertion fragment" containing a barnase gene was ligated 
by using Takara Ligation Kit ver.l (manufactured by Takara 
Shuzo) . 

Introduction into E. coll and selection of barnase-active 

c l o n e 

The E. coll having the barnase gene introduced 
thereinto may be selected by, for example, the following 
method. Since mRNA is degraded in cells by the barnase 
activity, the synthesis of protein is suppressed and, in its 
turn, the growth of E. coll is inhibited. Thus, the E. coll 
transformed by the barnase gene can be selected by taking 
advantage of the fact that the desired transformant colony 
has a smaller size than the E. coll colony transformed by 
the control plasmid free from the mutant barnase gene. When 
the wild type barnase or a mutant barnase still maintaining 
the activity comparable thereto is integrated into pHMl , 
E. coll cannot form any colony. Thus, clones having a 
sufficiently weakened barnase activity can be exclusively 
selected. 

Thus, the plasmid having the mutant barnase gene 
ligated thereto was precipitated from ethanol and then 
introduced into E. coll LE392 strain by the electroporation 
method with the use of GenePulser (BioRad) in accordance 
with the manufacture's instruction. Also, the control 
plasmid free from mutant barnase was introduced into the 
E. coll LE392 strain in the same manner. 
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Next, these E. coll transf ormants were plated onto an 
LB agar medium containing tetracycline (25 |xg/ml) and 
incubated at room temperature (25°C) for 72 hours. Then 
colonies of a smaller size than the colony of E. coll having 
the control plasmid pHMl introduced thereinto were screened 
as colonies of the E. coll transf ormants having the mutant 
barnase transferred thereinto (Table 1, A). 
Selection of mutant barnase clone by barstar gene 

As described above, barstar is an enzyme acting as an 
antagonist to barnase. In E. coll wherein barstar is 
expressed, the enzymatic activity of barnase is inhibited 
and thus the degradation of mRNA, which otherwise takes 
place in the presence of barnase, can be inhibited. 
Therefore, if E. coll expressing barstar is transformed by a 
plasmid containing a barnase gene, the growth thereof will 
not be inhibited. Accordingly, it is expected that the thus 
obtained E. coll transformant will show little difference in 
growth rate from the transformant constructed by using the 
control plasmid free from a barnase gene and, therefore, 
these transf ormants will show little difference in colony 
size too. 

An E. coll transformant which expressed barstar was 
constructed in the following manner. A barstar gene 
described in R.W. Hartley, J. Mol. Biol. 202, 913-915:1998 
was excised with Hindi I I and Xbal and ligated in frame to a 
tac promoter (de Boer et al., Proc. Natl. Acad. Sci. USA 80, 
21-25:1983). The gene, together with a chloramphenicol 
tolerance gene (N.K. Alton and D. Vapnek, Nature 282, 864- 
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869:1979), was ligated into the defective transposon which 
lacked the transferase in a vector described in Herrero et 
al., J. Bacteriol. 172, 6557-6567:1990. Subsequently, the 
thus obtained plasmid was introduced into E. coll MC1061 
strain thereby to transfer the transposon, which contained 
the barstar gene cassette, into the chromosome of the 
E. coll. It was confirmed based on the chloramphenicol 
tolerance that this E. coll was able to maintain the barstar 
gene cassette in a stable state. Since the E. coll MC1061 
strain lacked the lad gene, the tac promoter was 
continuously active and thus the barstar gene was 
const itutively expressed. 

The plasmid containing the mutant barnase gene as the 
insertion fragment and the control plasmid free from the 
same were each introduced into the above E. coll trans - 
formant by the electroporation method. Then the E. coll 
transf ormants were plated onto an LB agar medium containing 
IPTG (ImM) and tetracycline (25 jxg/ml) and incubated at 25°C 
for 72 hours. Among the colonies of the E. coll transformed 
by the mutant barnase gene, a colony being comparable in 
size to the colony of the E. coll having the control plasmid 
pHMl, which had been simultaneously plate-cultured, was 
screened and named "#4-31" (Table 1, B) . 



Table 1: Screened clone and colony size (mm) 





Screened clone • 


pHMl (control) 


A: E . coli LE392* 1 


1.77 ± 0.33 


2.65 ± 0.47 


B: E. coli with bar star 
gene expression* 2 


1.39 ± 0.10 


1.55 ± 0.08 



*1: Colony size after incubation on the LB agar plate 



containing 2 5 jig/mL of tetracycline at 28°C for 48 
hours . 

*2: Colony size after incubation on the LB agar plate 
containing 25 [xg/mL of tetracycline at 28°C for 24 
hours . 

Example 2: Determination of nucleotide sequence of mutant 
bairnase gene 

From the E. coli screened in Example l r a cloned 
mutant barnase gene appropriate for the object of the 
present invention was prepared. First, the clone #4-31 
screened in Example 1 was propagated. Next, the mutant 
barnase gene fragment in the clone #4-31 was excised with 
Kpnl and Xbal and ligated into the Kpnl, Xbal-site of pUC119 
having been cleaved similarly with Kpnl and Xbal . After 
amplifying the obtained plasmid by using E. coli, a reaction 
was performed by the cycle sequence method with the use of 
Taq polymerase (Taq Dye Terminator Cycle Sequencing Kit, 
manufactured by Applied Biosystems Inc.) in accordance with 
the manufacturer's protocol. Subsequently, the sequence was 
analyzed with a DNA Sequencer (Model 373A, manufactured by 
Applied Biosytems Inc.), thereby yielding the sequence 
represented by SEQ ID NO: 3. Compared with the DNA sequence 



of the wild type barnase gene, this sequence had an 
insertion of T at the 15-position from A of the initiation 
codon ATG and a deletion of A at the 333 -position . 
Example 3: Construction of male sterile rice by using 
attenuated mutant barnase gene 

The attenuated mutant barnase gene integrated into 
pUC119 as described above was cleaved with restriction 
enzymes Xbal and Kpnl and thus the plasmid vector pTS431 
represented by SEQ ID NO: 5 was constructed. Although this 
plasmid pTS431 differs from the known plasmid pVE108 (PCT 
International Publication W092/13956) in the following 
points, it is substantially equivalent thereto except for 
the moieties of the anther-specific promoter and the mutant 
barnase . 

(1) In the plasmid vector pTS431 according to the 
present invention, the barnase gene (SEQ ID N0:1) in the 
known plasmid pVE108 has been converted into the mutant 
barnase gene (SEQ ID NO: 3). 

(2) A tobacco-origin anther specific promoter is used 
in the known plasmid pVE108, while the anther specific 
promoter of rice El gene (PCT International Publication 
W092/13956) is used in the plasmid vector pTS431 according 
to the present invention. 

(3) In the present invention, a 35S3 promoter (EP 
0344029) of 1376 bp, which is not used in the plasmid pVE108, 
is employed upstream of the barnase gene. 

(4) In the present invention, a sequence originating 
in the downstream of Agrobacterium T-DNA gene 7 excised from 
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pJD884 (PCT International Publication WO93/09218) is 
employed whereas such a sequence is not used in the plasmid 
pVE108. 

(5) In the present invention, the region corresponding 
to lacZ has been deleted from the pUC19-origin moiety. In 
addition a plasmid (pTS172) having the wild type barnase 
gene integrated therein is represented by SEQ ID NO: 4. 

The fragment of about 4 . 5 kbp was excised with a 
restriction enzyme EcoRI respectively from pTS431 (a plasmid 
having the mutant barnase gene transferred thereinto; SEQ ID 
NO: 5) and pTS172 (a plasmid having the barnase gene 
transferred thereinto; SEQ ID NO: 4) and inserted into the 
EcoRI -site of the intermediate vector pSBll (T. Komari et 
al.. Plant J. 10(1) , 165-174:1996), and further, the T-DNA 
region thereof was integrated into the acceptor vector pSBl 
(T. Komari et al. , Plant J. 10(1), 165-174:1996) by way of 
homologous recombination. By using Agrobacterium 
tumefaciens LBA4404 having the obtained recombinant plasmids 
(pSB1431 and pSB1172 respectively), rice (variety: 
Asanohikari) was transformed. While the transformation was 
performed basically in accordance with the method of Hiei et 
al. (Plant J. 6(2), 271-282:1994), phosphinothricin^ 
(concentration: 10 mg/L) was employed for screening 
transf ormants since the thus constructed male sterility 
genes contained bar gene encoding phosphinithricin^ acetyl 
transferase as a selective marker. Phosphinothricin^ 
facilitates selection of calluses having the gene 
transferred thereinto. 



A comparison of the rice transf ormant obtained with 
the use of the wild type barnase gene with the one obtained 
with the use of the mutant barnase gene indicates that the 
transfer of the mutant barnase gene gave rise to a 
remarkable improvement in the transformation efficiency and 
an increase in the rate of morphologically normal male 



sterility transf ormants , as shown in Table 2. 
Table 2: Transformation efficiency 





No. of 

infected 

calluses 


No. of 
regenerated 

calluses 


No. of 
PCR- 

positive 
lines* 1 


No. of 

morphologically 
normal male 
sterile lines 


pSB1172 
(control) 


2838 


83 


52/83 


9/52(17.3%) 


pSB1431 

(present 

invention) 


787 


69 


43/45* 2 


27/28* 3 (96.4%) 



*1: detection of barnase gene fraction by PCR. 
*2: examined only 45 lines among 69. 
*3: examined only 28 lines among 43. 

Effects of the Invention 

In the present invention, a barnase gene having a 
weakened effect is constructed via mutation. A male 
sterility gene comprising the mutant barnase gene can be 
introduced into a plant to successfully produce a male 
sterile plant free from any unfavorable characteristic at a 
high efficiency with the use of a single gene without resort 
to the use of a barstar gene. 
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